. Optimized geometry of magnetite in the high temperature phase. The small blue balls represent the iron ions at tetrahedral sites (Fe Tet ), the small red balls represent the iron ions at octahedral sites (Fe Oct ) and the big grey balls represent the oxygen ions arranged in a slightly disordered face centered cubic lattice.
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The geometry of Fe 3 O 4 was fully relaxed at the PBE+U and the hybrid functional (HSE06 and B3LYP) level with the symmetry of Fd3 ത m kept during the geometry relaxation. The optimized geometry of the unit cell is shown in Figure S1 . The lattice parameters for the conventional cell obtained by different methods are listed in Tabel S1 and Table S2 . PBE based on plane wave basis set and PAW pseudopotential gives a lattice parameter of 8.380 Å for the conventional cell which agrees well with the previous PBE result (3.87 Å) 1 obtained from GGA+U with different U values in unit of eV. Figure S2 . Different charge ordering patterns from conventional cell calculations. When U equal to 3 eV, some states from Fe Oct 3+ and Fe Oct 2+ overlap at the Fermi level quenching the band gap (see Figure S3b) . When U goes down to 2 eV, states from Fe Oct 3+ and Fe Oct 2+ show similar character and the overlap at the Fermi level becomes more prominent (see Figure S3c) . When the U value is as small as 1 eV, the states from Fe Oct 3+ and Fe Oct 2+ are nearly the same and the DOS thus exhibits the same character as that from PBE calculation, i.e. a half-metal character (see Figure S3d ). Thus the band gap is led by the symmetry breaking among Anyway, the valence band maximum is at one of the six X points in the Brillouin zone and the conduction band minimum is always at the Γ point indicating that magnetite is an indirect semiconductor. 
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